A new generation of dedicated Doppler spectrographs will attempt to detect low-mass exoplanets around mid-late M stars at near infrared (NIR) wavelengths, where those stars are brightest and have the most Doppler information content. A central requirement for the success of these instruments is to properly measure the component of radial velocity (RV) variability contributed by stellar magnetic activity and to account for it in exoplanet models of RV data. The wavelength coverage for many of these new instruments will not include the Ca II H&K or Hα lines, the most frequently used absorption-line tracers of magnetic activity. Thus, it is necessary to define and characterize NIR activity indicators for mid-late M stars in order to provide simultaneous activity metrics for NIR RV data. We have used the high-cadence UVES observations of the M5.5 dwarf Proxima Centauri from Fuhrmeister et al. (2011) to compare the activity sensitivity of 8 NIR atomic lines to that of Hα. We find that equivalent width-type measurements of the NIR K I doublet and the Ca II NIR triplet are excellent proxies for the canonical optical tracers. The Ca II triplet will be acquired by most of the new and upcoming NIR Doppler spectrographs, offering a common, reliable indicator of activity.
INTRODUCTION
The monitoring of time-dependent stellar features produced by magnetic activity in nearby stars is a critical and valuable component of radial velocity (RV) surveys for exoplanets. RV programs probe stars at temporal resolutions matching a number of stellar phenomena, from rotation (days) to spot lifetimes (months) and magnetic cycles (years). Some of the most valuable contributions to the observational study of stellar magnetic activity have come from long-term RV surveys (e.g. Wright 2005; Isaacson & Fischer 2010; Lovis et al. 2011; Robertson et al. 2013) .
In addition to facilitating better understanding of stellar astrophysics, the study of magnetic activity in RV surveys is also vital for identifying and mitigating astrophysical RV noise caused by activity. Examples abound for systems in which activity-induced RV contributions have obscured (Howard et al. 2013; Pepe et al. 2013; Haywood et al. 2014) or mimicked (Queloz et al. 2001; Santos et al. 2014; Robertson et al. 2014; Johnson et al. 2016 ) the signals of exoplanets. Furthermore, as shown by every known observational metric, the problem of astrophysical RV noise, if unaddressed, can only be expected to get worse as high-precision Doppler spectrometers move past the 1 m s −1 threshold. For example, Bastien et al. (2014) find that the quietest stars in their flicker-jitter sample have an RV jitter floor of ∼ 3 m s −1 . Dumusque et al. (2015) find a solar RV RMS in excess of 50 cm s −1 from Sun-as-a-star observations using a solar telescope fiber-fed to the HARPS-N spectrograph, a result consistent with RVs of solar spectra reflected off Vesta (Haywood et al. 2016) . Activity-induced RV jitter is ubiquitous below the 1 m s −1 level, and is rapidly becoming the chief impediment to the discovery of lowmass exoplanets. Treatment of activity noise must be a core component of any high-precision Doppler program, a reality that has been acknowledged by the community in recent years (Fischer et al. 2016) .
A number of new and upcoming precision Doppler spectrographs, in an effort to discover and characterize exoplanets around mid-late M dwarfs, will operate at red-optical to near-infrared (NIR) wavelengths, where late-type stars are brightest. Examples of such instruments include CARMENES (Quirrenbach et al. 2014) , HPF , SPIRou (Artigau et al. 2014) , and MINERVA-Red (Blake et al. 2015) . Many types of astrophysical RV noise should be suppressed at NIR wavelengths (Marchwinski et al. 2015) ; for example, the amplitudes of starspot signals should be reduced, as the contrast between cool spots and the surrounding photosphere is diminished. Nevertheless, it will be essential for surveys using these instruments to monitor the activity of their targets, and to remain wary of activityinduced false positive planet detections.
The most reliable and efficient method for tracking stellar activity in RV surveys is to measure the fluxes in one or more stellar lines that are known to be sensitive to chromospheric magnetic activity. The "gold standard" for studying time-variable activity in Sunlike stars, and in particular for optical RV instruments and surveys, has been the Ca II H&K doublet (e.g. Wilson 1968; Vaughan et al. 1978; Baliunas et al. 1995; Isaacson & Fischer 2010 , and references therein). Some programs using spectrographs lacking blue wavelength coverage and/or targeting cool stars (M dwarfs and giants) have also frequently used the Hα line (Kürster et al. 2003; Hatzes et al. 2015) and occasionally the Na I D doublet (Gomes da Silva et al. 2011; Robertson et al. 2015) with success. When possible, it is ideal to measure more than one such tracer, as any star may exhibit multiple activity signals, each of which may (or may not) appear in a given chromospheric line with varying amplitude (e.g. Mortier et al. 2016) .
Some preliminary efforts to obtain precise RV measurements in the NIR have already been conducted (see Bean et al. 2010 , for a brief summary). However, the programs most closely approaching Doppler precisions sufficient to detect exoplanets (σ RV ∼ 10 m s −1 , e.g. Reiners 2009; Barnes et al. 2012 Barnes et al. , 2014 have all relied on Hα as their primary line diagnostic for stellar activity. The wavelength ranges of upcoming spectrographs such as HPF and SPIRou will not include Hα. Furthermore, as has been repeatedly demonstrated for optical RV spectrographs, it is beneficial to obtain multiple spectral activity indicators across the entire bandpass of the instrument. Therefore, it is imperative for the success of the coming generation of NIR RV instruments to identify and characterize spectral tracers sensitive to the subtle magnetic variations that can create false-positive Doppler signals.
The task of characterizing one or more spectral line activity tracers in the NIR is potentially a major observational undertaking. One would need to observe a star exhibit some time-dependent variability, and examine how that variability manifests in the flux of each candidate line. Old, relatively quiet M dwarfs-such as those that will constitute many of the best targets for NIR Doppler surveys-often vary slowly, with rotation periods in excess of 100 days (Robertson et al. 2014 . Thus, the time baseline for an observational campaign would need to be long. Ideally, the observations would also cover a broad wavelength range, so that the new tracers can be compared to well established lines such as Ca II H&K and Hα.
For M stars, there is one publicly available data set that potentially obviates the need for an expensive observational effort: the multi-wavelength archive of spectroscopy of Proxima Centauri from UVES and HARPS. Proxima Centauri (= GJ 551, hereafter Proxima) is an M5.5 dwarf, and the closest known hydrogenburning star to the Sun. Proxima was recently shown by Anglada-Escudé et al. (2016) to host a low-mass exoplanet in its liquid-water habitable zone, further increasing the star's value as an observational target. The ESO archive 4 contains 261 optical spectra of Proxima from the HARPS spectrograph (Pepe et al. 2000) , and 722 optical and NIR spectra from the UVES spectrograph (Dekker et al. 2000) . These spectra will be described fully in Section 2. Although neither data set has optimal time sampling, Proxima is highly variable on short time scales, providing a large "activity baseline" across which to compare spectral lines.
We sought to evaluate potential NIR activity tracers using a bootstrapping strategy. First, we used the optical spectra to verify that Ca H&K and Hα are essentially equivalent in terms of sensitivity to activity, with Hα being somewhat preferable due to increased S/N. Since the NIR UVES observations include Hα, it was then possible to compare the behavior of NIR lines to that of Hα in order to determine the most reliable activity tracers.
We note that while we anticipate these results will be at least partially applicable to all low-mass stars, chromospheric emission of the K I and Na I lines is only completely collisionally dominated in M dwarf atmospheres (Andretta et al. 1997; Takeda et al. 2002) . For hotter stars, where the K I and Na I transitions may become radiation dominated, it is not anticipated that those lines will be as sensitive to chromospheric magnetic activity, although Marchwinski et al. (2015) did observe and remark on some activity-dependent spectral variability near the optical Na I D doublet regions for the Sun.
The paper is organized thusly. In Section 2, we describe the spectra, candidate absorption lines, and activity indices. Section 3 details our correction for telluric absorption near the K I and Na I NIR doublets. We briefly discuss the various activity phenomena observed for Proxima in Section 4. In Section 5 we establish Ca II H&K, the Na I D doublet, and Hα as equivalent activity tracers, and compare the candidate NIR tracers' activity sensitivity to that of Hα. We discuss the results of this experiment in Section 6, and summarize our conclusions in Section 7.
DATA AND DEFINITION OF INDICES

Data
A considerable number of time-resolved, highresolution optical spectra of Proxima are publicly available as a result of Doppler searches for exoplanets in the system. 70 HARPS spectra are available from HARPS exoplanet survey (e.g. Pepe et al. 2004) , in particular the search for exoplanets around nearby M stars (Bonfils et al. 2013) . Additionally, the ESO archive includes another 191 HARPS spectra taken as part of the Cool Tiny Beats survey, which aims to use high-cadence RV observations to characterize short-term variability of M dwarfs (Anglada-Escudé et al. 2014 ). The HARPS spectrograph provides a resolving power R ∼ 115, 000 and wavelength coverage from approximately 3800 − 6900Å.
A second source of optical spectra comes from a survey of exoplanets around M stars conducted with the UVES spectrograph (Endl et al. 2006; Endl & Kürster 2008; ). 94 spectra were taken using the red arm of UVES with an 0.3 slit, resulting in wavelength coverage from 4950 − 7040Å and R = 100, 000 − 120, 000. A critical difference between the optical HARPS and UVES spectra is that UVES utilizes an iodine (I 2 ) absorption cell as a precision wavelength standard, which superimposes thousands of weak iodine absorption lines over the stellar spectrum from approximately 5000−6000Å. Thus, we do not consider the Na I D doublet from these spectra herein, as they are contaminated by the I 2 absorption.
The largest component of our data set is taken from Fuhrmeister et al. (2011) , who conducted an intensive multi-wavelength monitoring campaign of Proxima. They observed the star continuously over three nights (9, 11, 13 March 2009 ) with UVES and XMM-Newton, spanning wavelengths from X-rays through the NIR in order to create a physical model of Proxima's flaring chromosphere.
The Fuhrmeister et al. (2011) observations used a nonstandard setup of the red arm to enable wavelength coverage from 6400−10080Å, specifically intended to include coverage of Hα. The spectra have a typical resolving power R = 45, 000. The red observations were taken at high cadence, totaling 562 spectra over the three nights. The data set also includes 66 spectra taken with the blue arm of UVES, providing wavelengths from 3290−4500Å, but we focused primarily on the red spectra for this work.
Definition of Indices
Stellar activity is traced via atomic lines by measuring the variable emission from those species in the chromosphere. For more active M stars like Proxima, certain lines such as Ca H&K and Hα are dominated by the chromospheric component, leading to the appearance of those lines in emission. For lines dominated by photospheric absorption, one instead measures the amount of "filling in" of those lines by chromospheric emission. In either case, an equivalent width (EW) or similar measurement is appropriate for approximating the state of the line in a given spectrum.
Because the optical and NIR continuum of an M star is completely blanketed by atomic and molecular absorption lines, and because the lines of interest for activity measurement are often located in molecular and/or telluric bands, a true EW is not ideal for the line indices we measure. Instead, our indices approximate EWs by measuring the flux in a given line weighted by the flux in nearby reference bands, which are selected to avoid large stellar or telluric lines. Where possible, we have adopted or modified index definitions previously defined in the literature. Below, we describe our measurements of each of the standard and candidate tracers used.
Standard Activity Tracers
The Ca II H&K Lines
The strength of the Ca II H&K line cores are the field standard activity metric for optical RV surveys. As is common, we have adopted the Mount Wilson "S-index" (S HK ; Vaughan et al. 1978 ) to measure the lines, which is simply the sum of the fluxes inside windows centered on the H (λ = 3968.47Å 5 ) and K (λ = 3933.66Å) lines weighted by the fluxes within windows on either side of the doublet.
We have adopted the M dwarf-specific definition of S HK from Gomes da Silva et al. (2011) . This definition, itself adapted from that of Boisse et al. (2009) , uses a 0.6Å window for each line, which is more narrow than is commonly used for hotter stars.
For mid-late M stars such as Proxima, the continuum emission near the H&K lines is quite weak, making the S HK index less than ideal as an activity tracer. However, because it is a well-characterized standard in the field of Doppler exoplanet searches, we have included it in our analysis.
The Na I D Lines
The Na I D doublet (λλ = 5889.96, 5895.93Å) is a sensitive indicator of magnetic activity in cool stars, where chromospheric emission of the lines becomes collisionally dominated (Díaz et al. 2007 ; Gomes da Silva et al. 2011) .
Because there is no commonly used "standard" definition of a sodium D index, we have used the same W index described in Section 2.2.2 below. Our index W Na I D is the average W value for each of the two lines in the doublet. We have adopted the 0.5Å window size and reference band definitions from Gomes da Silva et al. (2011) .
One complication that often arises when using the Na I D lines to measure stellar activity is that the lines may be contaminated by emission lines from telluric sodium (Hanuschik 2003) . In the case of Proxima, the star's high absolute radial velocity (v r = −22.4 km/s, Torres et al. 2006) shifts the stellar sodium lines enough that the sky lines rarely affect the W Na I D measurement. In general, though, the sky emission lines must be accounted for in order to obtain useful measurements of this activity index.
The Hα Line
The Hα equivalent width is commonly used to characterize magnetic activity in M stars across a wide range of spectral subtype and mean activity level (e.g. Robertson et al. 2013; West et al. 2015 , and references therein). It is also the only frequently-used spectral activity tracer common to the blue and red spectra considered herein, making it crucial for evaluating candidate NIR tracers by comparison to established indices.
For Proxima, we measure the Hα index, I Hα , as defined in Robertson et al. (2013) . This index is identical to that of Kürster et al. (2003) , except that-as for S HKit uses a more narrow 1.6Å window for the flux in the Hα line. Gomes da Silva et al. (2011) first suggested using the narrower window, claiming that the resulting measurements were more tightly correlated with S HK . Fuhrmeister et al. (2011) note that the morphology of the Hα line changes as a function of time. In particular, the red wing of the line is clearly stronger than the blue wing in many of the UVES spectra. Fuhrmeister et al. interpret this phenomenon as being caused by material evaporating into the chromosphere during flare events, then raining back down, thus causing blue-and redshifts in the chromospheric lines. While we agree that these changes in morphology exist, we have not modified I Hα to account for line shape changes, and do not observe any peculiar behavior in the index that might be caused by the shape variability.
Candidate NIR Tracers
For each of the candidate line tracers described below, we measure an index analogous to an equivalent width. In most cases, the lines have at least one propertywhether blending, central reversal, or being completely lost within the pseudocontinuum-that makes modeling and integrating a line profile impossible. Rather, we take the average flux within a band centered on the line, weighted by the average of nearby reference bands chosen to be relatively free of tellurics and molecular bands. Specifically, our generic line index W X is defined as
( 1) where W 0 is the width (in Angstroms) of the band within which the line flux is averaged, F X is the mean flux within that band, and F R1 and F R2 are the mean fluxes within each of the two reference bands. In Table 1 , we list the values of W 0 and the reference bands chosen for each of our candidate lines. For lines that show activity sensitivity, W 0 is chosen so as to maximize the correlation of the index with I Hα . The measurement uncertainties on W X follow from standard propagation of error, and are defined as
where SN R is the approximate signal-to-noise ratio near the spectral feature being measured. Below, we briefly introduce the candidate tracers we considered. In Figure 1 , we show examples of these lines from UVES spectra at low, average, and high activity levels, with Hα for comparison.
The Ca II NIR Triplet
The Ca II NIR triplet (λλ = 8498.02, 8542.09, 8662.14Å) has long been known to be sensitive to chromospheric activity in cool stars (Linsky et al. 1970; Mallik 1997; Chmielewski 2000; Andretta et al. 2005; Busà et al. 2007) . One or more lines of the triplet are commonly discussed as the tracer most likely to be useful for NIR RV work (e.g. Barnes et al. 2014) . For Proxima, the line at 8498Å is completely hidden in the pseudocontinuum, and the 8542Å line is weak, occasionally disappearing into the pseudocontinuum as well. For these reasons, Barnes et al. (2014) considered only the reddest Ca II line at 8662Å, finding a strong correlation with Hα. For the sake of completeness, we elected to consider all three calcium lines, but because of concerns with line visibility and blending (discussed more later), we evaluated each line separately rather than create a combined index. Cenarro et al. (2001) define a generic index for the Ca II NIR triplet, intended to be applicable across a broad range of spectral types. The windows used for the lines themselves are far too broad to be appropriate for this application, as they are designed to accommodate rapidly rotating stars. However, we do adopt their reference bands in an effort to make our index definition appropriate across all M spectral types.
The Na I NIR Doublet
The NIR doublet produced by Na I (λλ = 8183.26, 8194.82Å) has a number of features that make it particularly attractive as a potential activity indicator for cool stars. The doublet is a very strong feature in M star spectra, even at the latest subtypes (see, e.g. Wade & Horne 1988, Fig. 3) . Furthermore, while the lines are contaminated by telluric water lines, they sit outside any major molecular bands.
Previous research indicates the NIR sodium doublet is responsive to multiple stellar properties, including activity. Schlieder et al. (2012) find that the Na I lines are sensitive to stellar temperature and log g, making them useful age discriminators for identifying young members of moving groups. When combined with an estimate of [Fe/H], the equivalent width of the Na I doublet also yields an excellent estimate of an M star's absolute Kband magnitude, and may have some sensitivity to α enhancement (Terrien et al. 2015) . With regards to activity, Kafka & Honeycutt (2006) showed that the equivalent widths of the Na I doublet were anticorrelated with Hα linewidths for M dwarfs in Praesepe, suggesting at least some correlation of the doublet with a star's mean activity level. Thus, the sodium doublet merits careful consideration as a primary activity indicator in the NIR.
Since the two lines of the Na I doublet are produced by the same atomic transition, and are equally reliable in terms of visibility, telluric contamination, etc., we have created a combined index, W Na I NIR , which is simply the average of the W index for each individual line. We did consider each line individually, and found no differences between their individual sensitivities to activity. We note also that the UVES spectra of Proxima have a gap in wavelength coverage from approximately 8212-8365Å, which restricts our choice of a redward reference band for W Na I NIR .
The K I NIR Doublet
As with the sodium doublet, Kafka & Honeycutt (2006) found that the equivalent widths of the neutral potassium doublet at λλ = 7664.90, 7698.96Å were anticorrelated with Hα for M stars in Praesepe, indicating activity sensitivity. Like the Na I lines, the K I doublet is a strong spectral feature for all M subtypes, making for easy identification and measurement. The primary drawback to using the K I lines is that they are contaminated with telluric O 2 lines, which are significantly more difficult to correct than other common species (see Section 3).
Since each of the K I lines show qualitatively identical responsiveness to activity for Proxima, we have again created a combined index W K I , which is the average W value for each of the lines.
The Paschen Delta Line
At λ = 10049.4Å, Pδ is the reddest of our candidate tracers, and lies near the limit of the UVES spectra's coverage range. Pδ has been shown to trace flare activity on M stars (e.g. Schmidt et al. 2012 ), and we therefore sought to determine whether it might also be sensitive to the low-level activity variability seen for Proxima and other M stars in periods of relative quiescence.
TELLURIC CORRECTION
The near-infrared sky is considerably more contaminated by telluric absorption than the optical. In particular, the wavelength regions containing the K I and Na I NIR doublets contain strong absorption from the Earth's atmosphere. Thus, in order to make reliable measurements of W K I and W Na I NIR , it was necessary to first correct the UVES spectra for telluric absorption.
Telluric correction was performed using TERRASPEC (Bender et al. 2012; Lockwood et al. 2014) . TER-RASPEC uses the LBLRTM radiative transfer code (Clough et al. 2005) to generate a synthetic telluric absorption function that is customized for an observer's altitude, the target zenith angle, and the telluric conditions integrated over a given science observation. LBLRTM uses the HITRAN 2008 database of molecular lines (Rothman et al. 2009 ) and can access a variety of standard atmospheric models. The telluric absorption function is combined in a forward model with the spectrograph instrument profile (IP), parameterized as a series of overlapping Gaussians (e.g. Valenti et al. 1995; Endl et al. 2000) . TERRASPEC uses a non-linear leastsquares minimization to optimize the integrated column depths of the absorbers and IP parameters to best match the observed science spectrum. This process facilitates a high-quality telluric correction that can be computed directly from the science spectrum, and does not rely on observed 'telluric standard' spectra being available. To process the UVES spectra, we used the standard midlatitude atmospheric model and an IP parameterized as a central Gaussian surrounded on either side by two satellite Gaussians.
In order to be computationally efficient, we have only performed telluric correction on sections of the UVES spectra containing the K I and Na I doublets and their reference bands. In Figure 2 , we show the results of the TERRASPEC correction for an example spectrum around the K I lines. Also included in Figure 2 is the model to the IP, which appears typical of profiles recovered for high-resolution spectrographs (e.g. Endl et al. 2000) . For regions containing the other lines we have considered, the telluric lines are very weak, so we do not expect significant contamination from telluric lines in these regions.
The spectral region near the NIR Na I lines is dominated by lines from atmospheric water, the relative strengths of which vary considerably across the three nights of intensive observation. Around the K I doublet, the spectra are littered with lines from O 2 , which are more difficult to correct, since their profiles diverge markedly from a Voigt profile. This may ultimately prove to be a limiting factor for using the K I doublet as an activity tracer, although we note that we find little difference between our W K I values before and after telluric correction.
NOTES ON PROXIMA'S ACTIVITY
The primary goal of this paper is not to discuss stellar activity on Proxima in detail. However, since our use of Proxima as a testbed for new activity tracers relies on at least some stellar variability, we will make some brief remarks regarding Proxima's activity.
Even over short time scales, the spectral activity indicators show significant variability. The second night of intensive UVES observations-the quietest of the three nights-shows an RMS scatter in I Hα of 0.017, with an average measurement uncertainty of just 0.004. Highcadence HARPS observations from the Cool Tiny Beats survey are similarly variable. As mentioned previously, this short-term variability is advantageous for our study, as it provides a broad range of activity levels across which to evaluate candidate activity tracers.
The most problematic manifestation of stellar activity for contemporary Doppler searches for exoplanets around M stars is the periodicity induced by rotating starspots and active regions. The relatively sparse sampling of Proxima by the HARPS and UVES RV surveys, coupled with the high short-term variability of the spectral activity indices, makes determination of the stellar rotation period with absorption-line indices difficult. Fortunately, there are 1049 high-quality V -band photometric observations of Proxima taken over 9 years as part of the All Sky Automated Survey (ASAS) currently available in the ASAS public archive (Pojmanski 1997) . These photometric data clearly reveal the rotation period at 84 days, consistent with the 82.5-day period derived by Kiraga & Stepien (2007) from the first 609 ASAS observations, and with the 83.2-day period found by Suárez Mascareño et al. (2016) using the full ASAS data set.
In Figure 3 , we show the generalized Lomb-Scargle periodogram ) of all 9 seasons of ASAS photometry. The Lomb-Scargle periodogram is an adaptation of the Fourier transform that excels at identifying periodicity in irregularly-sampled time series. The 84-day periodicity is clearly distinguished from all other candidate periods. In the same Figure, we highlight the photometric rotation signal from the 2006 observing season, where the signal is especially well resolved, with an amplitude of 0.03 magnitudes.
We note that Suárez Mascareño et al. (2015) find a candidate rotation period of 117 days using the Ca II H&K and Hα lines in the HARPS spectra. We agree that this period appears at high significance for the HARPS S HK and I Hα values prior to the addition of the highcadence observations from the Cool Tiny Beats survey. The short-term variability seen in the Cool Tiny Beats observations dominates the power spectrum of the combined data set, making the 117-day period more difficult to identify. However, the photometric observations greatly outnumber those from HARPS, and have considerably better phase coverage. We analyzed the ASAS observations season-by-season in case the true period is actually 117 days, and the ASAS periodogram prefers 84 days due to phase incoherence of the rotation signal. Instead, for every season in which we recovered a statistically significant signal, the preferred period was at or near 84 days, thus confirming the shorter rotation period. We suspect the 117-day signal may be caused by incomplete sampling of the 84-day stellar rotation, which is more difficult to detect with spectral indicators because of the short-term variability. This hypothesis is consistent with the findings of Collins et al. (2016) , who explore the origin of the 117-day periodicity in more detail.
We find evidence that-as is common for most targets of high-precision RV surveys-the stellar rotation signal will be present in RVs of Proxima. In addition to absorptionline indices, we have examined the full-width at half maximum (FWHM) of the cross-correlation function for the HARPS spectra. The FWHM, which is produced by the standard HARPS data reduction pipeline and provided in the image headers, can be interpreted as the mean stellar line width for the observation. If activity- dependent variability alters the stellar line shapes, the FWHM should trace these changes. Since changes in stellar line widths must be unreasonably symmetric to avoid altering the measured RV, any periodic signal observed in FWHM will likely appear in RV as well. In Figure  4 , we show the generalized Lomb-Scargle periodogram of the HARPS FWHM values taken prior to the Cool Tiny Beats survey; again, we have excluded the highcadence observations because they cause short-term variability to dominate the power spectrum. The most significant peaks occur near the 84-day rotation period and its yearly alias at 109 days. FWHM variations are difficult to measure for very small activity-induced RV shifts, so this detection suggests at least a moderate effect. Thus, the periodicity observed in FWHM suggests that the RVs of Proxima should be modulated by the stellar rotation. Indeed, the RVs measured by the Pale Red Dot program described in Anglada-Escudé et al. (2016) show a trend in addition to the 11.2-day planet signal, which appears to correlate with quasi-simultaneous photometry (specifically the F statistic, which approximates the derivative of the photometric light curve). We speculate that stellar rotation may be the origin of this trend, but this suggestion requires additional analysis that is outside the scope of this study. Importantly, though, none of the stellar periodicities observed here or elsewhere in the literature (e.g. Suárez Mascareño et al. 2016; Collins et al. 2016; Anglada-Escudé et al. 2016 ) occur near the 11.2-day period of Proxima b, greatly reducing the likelihood that the proposed planet is a false positive induced by stellar activity. Cincunegui et al. (2007a) found evidence for a 442-day magnetic cycle for Proxima, based on 60 observations of the Ca II H&K lines taken between 1999 and 2006 with the REOSC Spectrograph. We are unable to confirm this cycle with the data considered herein. However, we note that there is little overlap between the REOSC and HARPS/UVES observations, so it is possible that Proxima entered a quiet phase shortly after the REOSC observations concluded, making the magnetic cycle difficult to detect. Suárez Mascareño et al. (2016) observe a 6.8-year periodicity in the ASAS light curve, which they also attribute to a magnetic cycle. We agree that the ASAS photometry shows a periodicity on this timescale, but again see no evidence of a corresponding spectroscopic signal.
One final issue to consider with regards to Proxima's activity is its frequent flares. Davenport et al. (2016) observe Proxima to exhibit small flares 63 times per day, with larger flares occurring many times per year. Proxima's frequent flaring presents a challenge for the detection-or confident non-detection-of a transit for Proxima b. The high-cadence observations from both HARPS and UVES show a number of flares, and each set of spectra has one night that is mostly dominated by a large flare. The large flare from the third night of UVES observations is thoroughly described in Fuhrmeister et al. (2011), but we show the large flare from the HARPS data as traced by Hα and Ca II H&K in Figure 5 . The difference in appearance for the flare in the calcium and Hα lines is visually striking; we discuss the varying response of the atomic lines to flares further in Section 5.2.
EVALUATION OF POTENTIAL ACTIVITY INDICATORS
Equivalence of Hα and S HK
The nonstandard instrument configuration used by Fuhrmeister et al. (2011) for their UVES observations is advantageous in that the resultant spectra include Hα as well as all of our candidate activity tracer lines. This allows us to compare each line's responsiveness to changes in the stellar activity level, using I Hα as the known standard with which to measure activity. However, it is important we establish that I Hα is itself suitably sensitive to magnetic activity for Proxima. While often an excellent activity metric, I Hα has been observed to be uncorrelated with S HK for some M stars (e.g. Cincunegui et al. 2007b) .
The optical HARPS spectra offer an ideal avenue through which to check the equivalence (or lack thereof) of I Hα and the other optical activity tracers, as they acquire Ca II H&K, Na I D, and Hα simultaneously. In Figure 6 , we show I Hα as a function of S HK for the 261 HARPS spectra. The quantities appear to be clearly correlated, but some high-airmass observations deviate from this correlation. This is most likely due to the fact that at high airmass and in poor seeing, the signal to noise in the continuum near the H&K lines is even lower than normal, making the S HK measurement unreliable. When restricting the set to low-airmass observations, the correlation of I Hα with S HK is clear. This result is consistent with the results of Cincunegui et al. (2007a) , who also found the fluxes in the Hα and H&K lines to be correlated for Proxima.
Comparison with the optical sodium doublet provides additional confirmation that I Hα is representative of the optical activity tracers. As shown in Figure 7 , I Hα is very tightly correlated with W Na I D over all observations. The adherence of the high-airmass points to this relationship also offers further evidence that the scatter in the I Hα -S HK relationship is largely due to systematic errors in S HK at high airmass.
Thus, we are satisfied that the Hα line is functionally equivalent to S HK or W Na I D for measuring changes in stellar magnetic activity on Proxima. This allows us to "bootstrap" our comparison to the NIR absorption lines, using I Hα as a proxy for any optical tracer.
Exclusion of Flare Observations
A preliminary examination of the candidate NIR activity tracers shows clear correlations of W K I and the three calcium lines with I Hα . However, the correlations are markedly different for the third night than for the first two. As detailed in Fuhrmeister et al. (2011) , the majority of spectra from this third night were taken during the onset and decay of a large stellar flare. Each of the lines evaluated herein responds to the flare differently; in Figure 8 we show the flare as observed by I Hα , W K I , and W Ca I 8498 . Such disparate morphologies are typical of M dwarf flares, especially during the decay phase; the fluxes of chromospheric lines are frequently observed to decrease at different rates after the initial rise, and may not even peak at the same time (e.g. Hawley & Pettersen 1991; Kowalski et al. 2013 , and references therein). Because we are primarily interested in how well the candidate tracers respond to the low-level magnetic variability that causes the bulk of the astrophysical noise in RV measurements, and because there are wellunderstood physical reasons why chromospheric lines of different species should behave differently during flares, we have excluded all spectra from this third night from our analysis in the next section. Removing the flare observations eliminates the dominant source of scatter in the observed relations for the K I and Ca II lines with Hα.
Although we have removed the flare observations from this analysis, we note that the overall morphology of the correlations of our candidate lines with I Hα does not change even during the flare. Rather, the correlations are simply offset from the more quiescent relationship, and have more scatter. Thus, RV surveys relying on the NIR activity tracers presented herein will be as sensitive to both flares and low-level variability as those using the canonical optical indices.
While it is certainly valuable to know if a star is flaring during an observation, it appears that Doppler measurements of M stars may not be significantly affected by flares. Anglada-Escudé et al. (2016) find that RVs measured from the Cool Tiny Beats observations of Proxima in May 2013 were not altered by the flare (shown here in Figure 5 ) that occurred during those exposures. We speculate there are two predominant reasons why the RVs appear to be immune to flares. First, it is common for deep chromospheric lines-which are most sensitive to flares-to be omitted from masks or line lists for Doppler pipeline codes. Also, M dwarf flares produce additional flux mostly at bluer wavelengths, where those stars are intrinsically faint (Kowalski et al. 2013) . Thus, the flare contribution to the spectral orders used to compute RVs for M stars is likely minimal.
Behavior of Candidate Tracers
In restricting our analysis to the first two nights of high-cadence UVES observations, we are left with 383 spectra spanning a range of 0.136 in I Hα . For comparison, the peak-to-peak I Hα amplitude of the rotation signal observed for Kapteyn's star-another low-mass nearby M star-is just 0.006 . Thus, while our analysis is limited to just two nights' worth of data, it covers a greater range of activity levels than will ever be observed for the most ideal targets for discovering exoplanets around M stars with RV.
We show each of our 6 candidate tracers as a function of I Hα in Figure 9 . Note again that because our W index is essentially an equivalent width, it decreases as the flux in the line increases. Hence, the W indices appear anticorrelated with I Hα , which increases as the flux in the Hα line increases.
For each relation between a candidate tracer W and I Hα we have included the value of the Spearman rank correlation coefficient ρ. The Spearman coefficient, which determines how closely a pair of ranked variables obey a monotonic function, ranges between 0 (not monotonic) and ±1 (perfectly monotonic). We chose the Spearman statistic because it does not assume that the data are normally distributed or follow a linear relationship, as do other probabilistic tests of correlation such as the Pearson correlation coefficient. While we find that the observed relations are well described by a linear fit, we do not wish to require this assumption. Along with each value of ρ we include an estimate of P , the probability that we would derive the observed value of ρ for 383 observations of variables which are in fact uncorrelated. In some cases, P falls below machine precision, and is therefore limited to P < 10 −45 . The ρ values of all 6 indicators suggests significant anticorrelation with I Hα . However, the purpose of this investigation is not to determine whether the lines are sensitive to activity; indeed, as discussed in Section 2.2.2, all of the lines considered are known to have at least some sensitivity to activity. Rather, our goal is to find one or more tracers that are essentially equivalent to the well-established optical indicators S HK and I Hα . To that end, W K I and all three of the calcium indicators appear to be excellent options, with the two bluest calcium lines in particular following almost perfectly monotonic (ρ < −0.9) relations with I Hα .
In addition to perhaps being inherently less sensitive to activity than W Ca I 8498 and W Ca I 8542 , there are some well-understood sources of additional noise in our measurements of W K I and W Ca I 8662 that lead to a somewhat less perfect correlation with I Hα . As shown in Figure 1 , the Ca II 8662Å line is heavily blended with the Fe I line at 8661.9Å, which restricts the size of the window we can use to sum the flux without introducing contamination. For W K I , it is likely that imperfect telluric correction is contributing noise to the measurements. In addition, for the K I lines we found that for Proxima, window sizes smaller than 1Å produced tighter relations with I Hα . However, we have noticed that for later-subtype M stars, the K I lines tend to have broad central reversals, necessitating the 1Å windows. Thus, in an effort to make our results as broadly applicable as possible, we have adopted the 1Å windows for Proxima. While in the case of Proxima W Ca I 8498 and W Ca I 8542 are clearly the most ideal activity indicators, there are likely scenarios in which W K I or W Ca I 8662 will prove more suitable. We discuss one such example in Section 5.4 below.
5.4. Application for late-M stars: the example of TRAPPIST-1 The goal of this investigation is to provide activity indicators that will be useful to Doppler surveys targeting mid-late M stars in the near infrared. While we have shown that W K I and the calcium indices are excellent choices for Proxima, a mid-M dwarf, full confirmation of their suitability for later subtypes must await the availability of significant numbers of observations on late-M stars with new NIR spectrographs. Briefly, though, we highlight spectroscopy of the M8 planet host TRAPPIST-1 as preliminary evidence that W K I may be especially useful for late-M dwarfs.
TRAPPIST-1, alternatively designated 2MASS J23062928-0502285, was recently shown by Gillon et al. (2016) to host a system of three approximately Earthsized transiting exoplanets. Such a system represents the exemplary science case for NIR Doppler spectrographs. As part of their NIR RV survey with UVES, Barnes et al. (2014) acquired 4 spectra of TRAPPIST-1 in July 2012 using an instrumental configuration similar to that used by Fuhrmeister et al. (2011) for Proxima. This therefore provides an opportunity to again compare the NIR activity tracers to I Hα .
The observations of late-M stars from Barnes et al. (2014) achieve a significantly lower S/N than the spectra of Proxima examined herein. The lower S/N has two significant consequences for our evaluation of activity indicators. First, the S/N near the Ca II NIR triplet is particularly low, making index measurements of these lines unreliable. Second, the lower S/N in the deep line cores (including near the K I cores) makes the correction of telluric absorption by O 2 with TERRASPEC especially difficult. For these reasons, we do not consider all of the late-M stars from Barnes et al. (2014) in this work. However, because we were able to achieve a reasonable telluric correction in the K I region for TRAPPIST-1, and because of the increased scientific value of this star, we will briefly remark on the K I lines of TRAPPIST-1.
As mentioned previously, the K I lines for TRAPPIST-1 contain broad central reversals, necessitating a 1Å window for the measurement of W K I . Since a cursory inspection of the other late-M spectra from Barnes et al. (2014) shows this to be typical of the later M types, we have made the 1Å window the default width for our W K I index. Figure 10 shows W K I as a function of I Hα for the four UVES spectra of TRAPPIST-1. As for Proxima, the quantities appear to be anticorrelated. However, with just 4 observations, the anticorrelation is much more difficult to establish statistically. A Pearson correlation test yields a correlation coefficient r = −0.99 which, for a sample size N = 4 translates to a P -value of 0.01. While the small sample size limits our results to only ∼ 3σ significance, it is nonetheless encouraging to see that W K I appears to be a sensitive activity indicator even at very late M types.
DISCUSSION
The strong anticorrelation of the NIR calcium indices with I Hα is not in itself surprising. The Ca II triplet has been shown previously to be sensitive to activity, including for this same UVES data set by Barnes et al. (2014) . What is remarkable, though, is the degree of sensitivity and the ease of measurement, particularly for the two bluest lines. Barnes et al. removed the mean spectrum from each observation before measuring the equivalent widths of the lines, but we find this is unnecessary. Despite the fact that the 8498Å and 8542Å lines are frequently completely invisible against the pseudocontinuum, simply summing the flux within windows centered on their wavelengths provides an activity indicator that is essentially equivalent to I Hα . Furthermore, while Barnes et al. concluded that the Ca II triplet was useful for monitoring flare activity, we see that its applicability extends far beyond just detecting flares; virtually every small activity feature observed in I Hα is matched exactly by the calcium lines. Activity signals at these lower amplitudes are the ones most likely to confound Doppler exoplanet searches, especially since their photometric counterparts may be absent or difficult to detect. Thus, we anticipate the NIR calcium triplet to be of immense value to the Doppler community.
The NIR K I doublet will not be within the wavelength range of several of the upcoming NIR Doppler spectrographs, including HPF and SPIRou, but its activity sensitivity is nonetheless interesting for a number of reasons. Some upcoming instruments, such as MAROON-X (Seifahrt et al. 2016) and Veloce 6 , are optimized for red-optical wavelength coverage in order to target early M stars as a primary science objective. Other spectro-6 http://newt.phys.unsw.edu.au/∼cgt/Veloce/Veloce.html graphs, such as NEID and ESPRESSO, will primarily target solar-type stars, but their wavelength coverage will extend redward of the potassium doublet. These instruments will certainly observe at least some early-mid M stars, and the K I feature may prove to be a useful diagnostic, especially when-as we observe for TRAPPIST-1-the S/N near the NIR calcium triplet is too low to make useful measurements of those lines. Additionally, while the K I doublet at ∼ 7700Å is inaccessible to several dedicated NIR spectrometers, its sensitivity to activity raises the intriguing possibility that the four strong K I lines near λ = 12000Å are similarly sensitive. If so, they are optimally placed in wavelength space for NIR Doppler instruments, and are strong features for all mid-late M subtypes (see, e.g., Deshpande et al. 2012) , and should be an ideal activity tracer for mid-late M stars in the NIR.
It is important to emphasize that although the results shown herein are encouraging for upcoming NIR Doppler surveys, they must be considered preliminary pending analysis of the data those surveys will produce. With CARMENES now conducting its science campaign, and HPF scheduled to be on-sky within the year, we will soon have time-resolved NIR observations of mid-late M stars over baselines much longer than the observations of Proxima examined in this work. Our proposed K I and Ca II indices must be validated over all M subtypes, and for multiple magnetic phenomena (starspots, activity cycles, etc.). Observations with a true NIR spectrograph-as opposed to with the red-optical coverage of UVES-will also provide an opportunity to evaluate even redder activity-sensitive lines. The redder K I lines (λλ = 11690, 11771, 12435, 12522Å) mentioned above should all be examined, as well as the He I line at λ = 10830Å, and the stronger NIR hydrogen lines such as Pβ and Pγ (e.g. Schmidt et al. 2012 ). In the meantime, the indices we propose here should prove valuable in the early stages of these instruments' Doppler surveys as the best known spectral indicators of activity, thus offering a means of discerning potential exoplanet signals from activity-induced false positives.
CONCLUSIONS
We have used high-cadence optical and near-infrared spectroscopy of Proxima Centauri to examine the sensitivity of atomic absorption features to stellar magnetic activity. By using Hα as a known proxy for stellar activity, we found that the Ca II lines at λλ = 8498, 8542Å and the K I doublet near λ = 7700Å very closely match the stellar variability seen in Hα. The K I doublet is also tightly correlated with Hα for four UVES observations of the M8 planet-host star TRAPPIST-1, suggesting that feature may be sensitive to activity for even the latest M stars. The indices we define for these lines are thus excellent candidates for preliminary activity metrics in NIR and red-optical Doppler surveys.
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